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n INTRODUCTION P olymyalgia rheumatica (PMR) is a chronic, inflammatory disorder of unknown cause. It is almost never seen in people aged 50 years or younger. Clinically, the disorder is characterized by pain and prolonged morning stiffness affecting the shoulders and often the pelvic girdle and neck. Symptoms are usually symmetric. Inflammatory markers are mostly raised, and patients typically experience a swift response to glucocorticoids (1) .
In PMR, both joints and periarticular tissues can be involved. Arthritis is typically non-erosive and promptly responds to therapy (2) , while on imaging the subacromialsubdeltoid (SAD) and trochanteric bursae appear often inflamed (1) (Figure 1 ). Despite the name of polymyalgia (pain in numerous muscles), the muscles have a normal appearance on imaging (3) . Routine radiographs of inflamed joints do not show abnormalities in patients with PMR (3) . Scintigraphy has gone out of fashion with the advent of imaging techniques that provide better spatial resolution, such as ultrasonography (US) and magnetic resonance imaging (MRI), but has high sensitivity in PMR patients not treated with glucocorticoids (4). 18 F-Fluorodeoxyglucose positron emission tomography (PET) is not routinely used to image patients with PMR, but is indicated if large-vessel vasculitis is suspected. In addition, PET can also reveal inflammatory changes in articular and periarticular structures (3) . Imaging has substantially contributed to defining PMR as a disease mainly involving extra-articular structures. In fact, while mild synovitis is a known feature of PMR, it was noted that it can only partially explain the diffuse and severe discomfort of the proximal limb extremities experienced by PMR patients (5) . A pivotal study by Salvarani et al. published back in 1997 clarified that the main source of pain and stiffness in PMR with shoulder symptoms was SAD bursitis (6) . Using MRI, the authors investigated the shoulders of thirteen patients with PMR and of nine control patients with elderly onset rheumatoid arthritis as well as of ten age-matched unaffected controls. The main finding of this study was that SAD bursitis was present in 100% of PMR patients compared with only 22% of control patients, while the frequencies of joint synovitis and biceps tenosynovitis did not significantly differ between case and control patients. Patients with PMR may also present with neck and, less commonly, with lower back pain, but the source of spinal pain has long not been recognized. Using PET, Blockmans et al. (7) had observed increased FGD accumulation at the level of the spinous processes in about one-half of PMR patients, but owing to the relatively low spatial resolution of PET the exact anatomical structures involved could not be identified. Two subsequent studies specifically looked at cervical (8) and lumbar (9) spine changes in patients with active PMR. Using MRI, Salvarani et al. were able to identify interspinous bursitis as the typical alteration of PMR patients. In the first study, twelve untreated PMR patients were compared with thirteen controls including patients with fibromyalgia, cervical osteoarthritis, ankylosing spondylitis and psoriatic spondylitis (8) . In all patients with PMR, MRI showed the presence of fluid in the cervical interspinous bursae at C5-C7 level consistent with bursitis, while bursitis was noted in only 46% of control patients. Moderate to severe bursitis occurred significantly more frequently in PMR (83%) than in control (31%) patients. Similarly, MRI evidence of lumbar interspinous bursitis was detected in a subsequent study in 90% of 10 PMR patients, but in only 46% of a control group consisting of seven patients with spondyloarthropathy, two patients with spinal spondylosis and two patients with rheumatoid arthritis who had back pain (9) . On the basis of these findings, it was proposed that PMR should be considered a disorder of extra-articular synovial structures (5, 10) and that joint synovitis might be secondary to shedding of proinflammatory molecules of extrasynovial membranes (10) . From a nosological point of view, it was thus suggested that PMR might share a prevalent extra-articular synovial involvement with other conditions such as RS3PE (remitting seronegative symmetrical synovitis with pitting edema) and probably a subset of elderly onset rheumatoid arthritis, with important implications for the classification of arthritis in the elderly population (5). Currently, US has gained a pivotal role in the assessment of PMR due to its capacity to visualize both joints and periarticular tissues, its low cost and widespread availability. Importantly, US in PMR has excellent reliability, with very high intra-observer (0.96) and inter-observer (0.99) intraclass correlation coefficients (11) . The most frequent US abnormalities are usually detected at shoulder level and are represented by SAD bursitis and long head of biceps tendon tenosynovitis (12) . According to a recent review, SAD bursitis is found in about 70-100% of patients with PMR, while the prevalence of long head of biceps tendon tenosynovitis hovers around 45-100% (13) . In this context, Rozin et al. described the two tram tracks sign, a specific US sign of active PMR. In some PMR patients, the two layers of the deltoid fascia and the two leaflets of the subdeltoid bursa, when viewed anteriorly with the shoulder extended, abducted and internally rotated, are seen as parallel hypoechogenic layers. This sign has been seen to resolve after treatment with glucocorticoids. Just how Figure 1 -Distension of the subacromial-deltoid bursa in a patient with PMR. In the second figure from top, the main anatomical structures are highlighted (the bursa in yellow, the supraspinatus tendon in grey and the bone and bursal margins in white). Imaging in polymyalgia rheumatica REVIEW prevalent this sign is in PMR is as yet unknown (14) . At hip level, extra-articular involvement is the most relevant finding with the evidence of trochanteric bursitis that is present in a significantly higher number of cases with PMR than in controls (15) . Other findings that have been reported are glenohumeral or hip joint effusions or tenosynovitis (15) (16) (17) (18) . Joint effusion can be also detected in the hips, knees, and wrists with prevalence rates of 40%, 38%, and 18%, respectively (19) . Synovitis of hand and wrist are possible findings, but less helpful in differentiating PMR from other inflammatory conditions such as rheumatoid arthritis (RA). Joint involvement at feet level (metatarsophalangeal joints) is rare and should suggest another diagnosis. MRI can also depict periarticular structures very well. In a study, MRI of the shoulders showed bilateral SAD bursitis in all PMR patients and biceps tenosynovitis in 67%; glenohumeral synovitis was also detected in all patients (20) . Similarly, at hip level using MRI, Cantini et al. demonstrated trochanteric bursitis in 100% and hip synovitis in 85% of PMR patients (15) . US had the same sensitivity as MRI for the detection of trochanteric bursitis, whereas US findings of hip synovitis were present only in 45% of patients. A prevalent extra-articular pattern has also been demonstrated in the hands of patients with PMR using MRI. Cimmino et al. reported tenosynovitis in 67% of 15 PMR patients versus 30% of unaffected controls; extensor tenosynovitis was seen in 53% and flexor tenosynovitis in 60% of PMR patients, although only the rate of extensor tenosynovitis was significantly higher than in controls (21) . In contrast, signs of synovitis were comparable in PMR patients and controls. Likewise, in patients with florid, PMR-associated RS3PE (remitting seronegative symmetrical synovitis with pitting edema), the most common MRI findings are extensor tenosynovitis, followed in decreasing order by hand joint arthritis and flexor tenosynovitis (22) . A periarticular pattern of PMR has recently been highlighted in a study by Mackie et al. (23) . In this study, 22 patients with PMR and 16 with RA underwent whole-body, multiple-joint, 3T MRI. The authors identified a pattern of symmetrical extracapsular inflammation at the level of the greater trochanter, acetabulum, ischial tuberosity and/or symphysis pubis in 64% of PMR. This pattern was associated with higher pre-treatment interleukin-6 and C-reactive protein levels and a complete response to glucocorticoids, as well as with better posttreatment fatigue and function. However, patients presenting with such a pattern were more likely to require glucocorticoid treatment for >1 year. PET is also a valuable tool in identifying inflammatory changes in PMR as well as in disclosing subclinical large vessel vasculitis ( Figure 2 ). In PMR, the increased FDG uptake is mainly related to bursitis (peri- (35) . They found that enthesitis was more frequent in SpA, while synovitis of the elbow, knee, and wrist was significantly more common in patients with RA and SpA patients compared with those with PMR. At shoulder level, a study that compared PMR with RA and psoriatic arthritis (PsA) patients found that bilateral SAD bursitis was universal (100%) in patients with PMR, whereas only 20% of patients of RA patients and no PsA patients had such findings (20) . In contrast, no significant difference was detected in the distribution of biceps tenosynovitis among the study groups. Another study that looked at shoulder US findings in patients with PMR and RA confirmed that SAD bursitis was more specific to PMR (36) . In this study, bilateral SAD bursitis was revealed in 37% of PMR patients, but only in 3% of patients with RA, while bilateral biceps tenosynovitis was present in 30% of PMR patients versus none of the RA controls. A semiquantitative scoring system for evaluating periarticular shoulder US inflammatory signs has recently been proposed by Suzuki et al. (37) . Using a four-point scale scoring the hyperemia of the suprascapularis tendon, the authors demonstrated that inflammation in PMR was predominantly localized to the periarticular tissue compared with elderly-onset RA. The scoring showed good intra-and inter-observer reliability. MRI is also an excellent imaging technique for PMR, due to its capacity to visualize inflamed tissues at joint and bursae level, and has proved useful for the purpose of differential diagnosis. In 2001, McGonagle et al. published an MRI study comparing the anatomical sites of inflammatory changes in the shoulders of 14 patients with early PMR and 14 with RA using fat suppression MRI (38) . The authors described a common involvement of synovial joints in PMR and RA and a slightly higher frequency of bursitis in PMR patients. Interestingly, they also described the presence of inflammatory changes in the soft tissues, defined as extracapsular changes. In 2007, the same group published an interesting paper evaluating the relationship between synovial and extracapsular inflammation in PMR and early RA using contrast-enhanced and fat suppression MRI (39) . The results confirmed a much greater degree of gadolinium enhancement in the extracapsular tissues in the PMR patients. A surprising finding was that MRIdetermined erosion and bone edema were equally common in both groups, while it has been recognized that PMR synovitis is usually non-erosive at standard X-ray evaluation (22) . This finding may be related to the capacity of MRI to detect even small erosions, which can be found even in normal subjects (21) . Approximately 16-21% of patients with PMR have giant cell arteritis (1). Imaging methods can aid in detecting those PMR patients that have an associated vasculitis. US can be a valuable tool for a correct diagnosis of these patients, especially when superficial arteries are involved, with a sensitivity ranging from 55% to 100% and specificity ranging from 78% to 100% (40) . In large vessel vasculitis, the inflammatory infiltrate of the vessel wall results in the loss of the normal echostructure of the intima-media complex. The major so- 
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nographic signs are the thickening of the arterial wall with disappearance of the trilaminar structure of the intima-media complex, the presence of a perivascular halo, and the presence of stenoses or vascular dilatations (Figure 3) (41, 42) . PET, too, can be used to detect an underlying large-vessel vasculitis as well as to depict the pattern of involvement of periarticular structures in PMR. In terms of differential diagnosis, PET has been suggested as useful in differentiating PMR from elderly onset RA, with important implications in terms of prognosis and treatment. Yamashita et al. compared FDG accumulation sites at PET between 27 patients with PMR and 10 with elderly onset RA. In PMR, abnormal accumulation at the ischial tuberosity, vertebral spinous processes, and iliopectineal bursa was significantly higher compared with RA, while shoulder involvement had a similar prevalence (25) . Similarly, Wakura et al. suggested that an abnormal FDG accumulation at the entheses of the girdle such as enthesis of the pectineus muscle, and enthesis of the rectus femoris muscle might assist in differentiating PMR from EORA (43) .
There is limited evidence on the role of imaging in monitoring patients with PMR.
In a prospective study containing 53 patients evaluated clinically, serologically and by US before and after (at 4 weeks and at 12 weeks) glucocorticoid therapy, clinical, laboratory and ultrasonography decreased in parallel over time (11) . US inflammatory findings showed similar or better sensitivity to change than clinical and laboratory markers of PMR activity (11) . However, in another prospective study on 57 newly diagnosed patients with PMR, while glucocorticoids significantly reduced the frequency and the severity of SAD bursitis, long head biceps tenosynovitis, and glenohumeral synovitis, a sizeable 59% of 44 patients in clinical remission or in low disease activity had persistent inflammatory lesions at followup US (24) . No association was found between the persistence of US inflammatory changes and the risk of relapses or recurrences, although a positive power-Doppler signal at diagnosis was significantly associated with the subsequent occurrence of relapses or recurrences. Similarly, FDG uptake at PET (in the shoulders, hips, and spinous processes) was shown to decrease following the institution of glucocorticoids therapy; however, basal FDG uptake did not predict the risk of relapses over time (28) . Recently, Palard-Novello et al. suggested a role for PET in assessing the efficacy of tocilizumab in the treatment of PMR (44) . Patients enrolled in a multicentric clinical trial underwent PET at baseline, after the first infusion of tocilizumab (week 2) and after the last infusion (week 12). Eighteen patients could be evaluated. At week 0, high FDG uptake was found at the shoulder (89% of patients) and pelvic (94% of patients) girdle as well as in the cervical spinous processes (56% of patients). After the first infusion, SUV max significantly decreased and decreased further by week 12, although in a lesion-based analysis no significant decrease was observed in the shoulders and cervical spinous processes. Further studies are required to fully elucidate the role of imaging in gauging response to treatment and monitoring PMR patients over time. (24) . No association was found be o n l y up US (24) . No association was found be Imaging in polymyalgia rheumatica REVIEW n FUTURE PROSPECTS Imaging appears to increase the specificity of a clinical diagnosis of PMR, and to discriminate better between PMR and its mimickers at an early stage. Therefore, imaging can conceivably play an important role in selecting PMR patients for clinical trials with greater accuracy. As suggested by Buttgereit et al. (45) , imaging including MRI could help to identify a fairly homogeneous subset of patients with PMR with potential value for defining eligibility for early clinical trials of targeted therapies. In addition, imaging could also complement clinical and laboratory assessments of patients over time, including response to therapy. u s e 40. u s e Buttgereit F u s e 
